Objective: to test the hypothesis that risk for dementia in late life is increased by a history of earlier psychiatric illness, and to examine the specificity of any such association. Methods: frequency of earlier treated psychiatric illness was established by record searches and informant histories for all persons aged over 60 who were entered on the Camberwell dementia case register over a 2-year period and for an individually matched control group of the local elderly population, drawn from the files of the area Family Health Services Authority. Results: of 559 persons with a clinical diagnosis of dementia, 70 (12.5%) had a history of psychiatric illness long preceding, and apparently unrelated to, the onset of dementia. When these patients were compared with a matched comparison group of dementia register patients who had no recorded psychiatric history, the two groups appeared broadly similar in type of dementia, severity and clinical features. Sixty-three of the earlier psychiatric histories could be identified from the available medical records alone. Applying the same procedure to the matched control group of Camberwell residents yielded from the 559 only 19 (34%) with a history of treated psychiatric illness before the age of 70. The difference in case frequency between the two groups was highly significant and corresponded to an estimated odds ratio of 3-6. The increase in risk, which was not restricted to dementia of Alzheimer type, appeared to be characteristic of major psychiatric illness, rather than specific for depression. Conclusion: there is a positive association between previous psychiatric history and late-life dementia which is of predictive significance. The underlying causal links merit further research.
Introduction
The influence of mental illness earlier in adult life on the risk of dementia in old age or its clinical picture is still obscure. Most research on the relation of 'functional' mental disorders to abnormal cognitive decline has focused on their co-existence in old people [1] . In retrospective case-control studies, however, earlier psychiatric illness has been considered as a possible risk factor for dementia, and in particular for that of Alzheimer type. In four such studies a history of depression was found more frequently among cases than among controls [2] [3] [4] [5] , while two suggested a link with earlier psychiatric morbidity more generally [6, 7] . Some other case-control studies, however, have revealed no evidence of association [8] [9] [10] .
The low statistical power of most individual studies underlines the need for analysis of pooled data. In a collaborative re-examination of 11 case-control studies, undertaken as part of the EURODEM concerted action programme, a significant association with previous depressive illness was found for Alzheimer-type dementia, the relative risk among cases being 1.82. This finding held good •when only those depressive episodes were included which had occurred more than 10 years before the onset of dementia [11] . The fact that all case-control studies included in the EURODEM re-analysis were restricted to cases diagnosed as Alzheimer-type dementia narrowed its scope and could have introduced bias. Modern criteria for this diagnosis require the absence of other causes of dementia, which means that people with a history of organic brain syndrome, alcohol abuse or mental retardation may be excluded. Depressive illness has been targeted precisely because it is thought to be less subject to this kind of bias.
There are, however, some indications that any increase in risk may not be specific to depression. Henderson and co-workers [6] noted a positive association between early-onset Alzheimer-type dementia and a history of 'nervous breakdown' more than 10 years previously. Agbayewa [12] , who reported a much higher frequency of previous psychiatric illness among 188 patients with Alzheimer-type dementia than in a matched comparison group of 80 nondemented medical and surgical patients, found that affective disorders (unipolar or bipolar) accounted for only 16 of the 34 cases he identified in his index group, the remainder consisting of schizophrenia, paranoid disorder, alcoholism and mixed conditions. Conversely, some forms of psychiatric illness may be associated with an increased risk for other types of late-life dementia, or for the clinical syndrome of dementia as a whole. The present study was designed to address these questions using an area-based dementia register.
Research design and method
The Camberwell dementia case register, which began operation in 1993, provides a cumulative record of all confirmed cases of dementing illness known to the mental health services covering a defined metropolitan area, with a total population of over 200 000 [13, 14] . Cases are notified by the area clinical teams for old-age psychiatry and geriatric medicine, as well as by geriatric nursing homes, old people's homes and day centres which provide long-term care for Camberwell residents. During the first 2 years of the register, all subjects notified to it were contacted, and wherever possible a diagnostic examination was carried out and a structured interview conducted 'with the next-of-kin or main caregiver, both based mainly on the standardized CAMDEX (Cambridge Examination for Mental Disorders of the Elderly) procedure [15] . The patient examination incorporated a number of rating scales: the Mini-Mental State Examination [16] and Abbreviated Mental Test [17] for cognitive impairment, the Blessed dementia scale [18] for dementia-related disability, the Hachinski scale [19] for probability of cerebrovascular disease, the Cornell scale of depression in dementia [20] and the Webster scale [21] for presence of parkinsonian features.
Non-cognitive psychopathology was grouped according to the system developed by Burns and co-workers [22], the prototype of the recently published Mousepad' scale [23] . Disorders of thought content, perception, mood and behaviour were distinguished, and further sub-divided as follows: persecutory and other delusions; auditory and visual hallucinations; depressive symptomatology; aggression; wandering; stereotypical behaviour; and sleep and eating disorders. Each abnormality was rated on a scale from 0 to 5, based on informant responses to a short battery of questions.
A physical examination which included pulse, blood pressure, vision and hearing (with and without aids), mobility, upper and lower limb tonus and tendon reflexes, plantar responses and presence of primitive reflexes. Apolipoprotein E (ApoE) genotyping was carried out using one-stage polymerase chain reaction followed by restriction enzyme digestion [24] . Consent to autopsy was sought in each instance where contact could be made with the next-of-kin.
Applying systematic diagnostic criteria to a case register collective gives rise to a number of problems of method [13] . The standardized procedure adopted for the dementia register in 1993 was based largely on the CAMDEX diagnostic guidelines [15] , but supplemented by newly published criteria for dementia of Lewy-body type [25] . For all patients who had been referred to hospital specialist services, a search was made for the medical records and the consultant's diagnosis noted, as well as the results of any special investigations including computed tomography head scan, full blood count, syphilis serology, liver function tests and concentrations of serum urea, electrolytes, vitamin B12 and folate. In each such case the hospital clinical diagnosis was compared with that made by the standardized dementia register procedure and a 'consensus diagnosis' assigned.
To test for an association between previous psychiatric history and risk for late-life dementia, an analysis was undertaken of all Camberwell residents over 60 years old, notified to the dementia register during its first 2 years (May 1993-April 1995), for whom the diagnosis had been confirmed following detailed clinical assessment. Information on earlier psychiatric illness was derived from three sources: 1. As part of the histories taken from dementia register patients and key informants; 2. From the records of the Bethlem and Maudsley Hospital Trust, the main psychiatric treatment facility for Camberwell residents; 3. From the records of the Camberwell psychiatric case register [26] , which covered all mental health agencies serving the area in the years 1964-85. The dementia register was set up quite independently of the earlier Camberwell psychiatric register and there was no transfer of cases from one to the other.
Two comparative studies were undertaken. First, clinical characteristics of subjects with a previous psychiatric history were individually matched for sex and year of birth with other dementia register patients who had no such history. Secondly, a normal control group was drawn from a list of elderly persons provided by the Family Health Services Authority for the Boroughs of Lambeth, Southwark and Lewisham, which covers all residents registered with general practitioners in the National Health Service. For each dementia register patient, a control was drawn at random from among a group of people matched by sex, completed years of life (from year of birth to 1995 or year of death) and postal district of residence.
Information on psychiatric referral and treatment for both index and control groups was limited to that found by searching the hospital and Camberwell register case records. Bias due to the use of informant histories, available only for the index group, was thus avoided. Relative risks were estimated by calculating in each instance the odds ratio (OR) for individually matched pairs [27] .
Research findings
The number of persons notified to the dementia register who met the case criteria was 559 (163 men and 396 women), with an age range of 60-97 years. The validity of the generic clinical diagnosis was confirmed by brain microscopy reports in 81 cases which came to autopsy by 30 April 1996 (i.e. in the register's first 3 years), although a more detailed analysis including these and other cases showed only moderate agreement with regard to specific diagnosis of Alzheimer-type, vascular and other forms of dementia [28] .
Of the 559 patients, 85 (152%) had previous psychiatric diagnoses, but in 15 instances the earlier illness had merged into cognitive decline, and in retrospect was judged to have marked the prodromal stage of a dementing process. Further analysis was therefore restricted to the remaining 70 cases (15 male and 55 female), which were regarded as 'independent' of dementia, in that the first known psychiatric referral had occurred at least 5 years before signs of cognitive decline were observed, and the two illnesses were clinically distinct.
Hospital and case-register files were the main source of information, yielding details of earlier psychiatric care episodes for 63 (90.0%) of the 70 patients. Informant interviews were obtained for 51 of the patients and provided independent evidence of treated mental illness in 39 instances (557%), including seven for whom no hospital records were available.
Informants were able to name the year and the hospital for at least one psychiatric admission or referral in 31 instances (44.3%).
For the index group of 70 patients, the mean age at onset of dementia was 753 years (s.d. 12.0), as against 754 years (s.d. 7.8) for the matched comparison group and 76.4 years (s.d. 8.1) for the dementia register collective as a whole, while the mean interval from first known psychiatric referral to the onset of dementia was estimated at 26.6 years (s.d. 10.2).
The distribution of previous psychiatric illness according to sex and diagnosis is set out in Table 1 . Here, each patient has been assigned to a single category, based on the primary diagnosis recorded in the hospital case notes (based according to date of referral on either the 8th or the 9th revision of the International Classification of Diseases). For those with more than one treatment episode, the most recent diagnosis before onset of dementia was taken. Affective disorders, bipolar or monopolar, accounted for 51.4% of the total, schizophrenia and paranoid psychoses for 28.6% and a mixed group of neurosis, personality disorder and other conditions for the remaining 20.0% The frequency of previous psychiatric illness was higher among women than among men-139% as against 9-1%-although this difference is not statistically significant (x 2 = 2.35; cLf. = \\P> 0.10).
Next, we compared the index group of 70 people with other dementia register patients, individually matched for sex and year of birth, who had no known history of earlier mental illness. Table 2 shows the distributions, according to type of dementing disorder, for the two matched groups and also for the whole sample of dementia register patients from which both were drawn. All three distributions are broadly similar. The index group contains a small excess of 'secondary' dementias and relatively fewer cases of Alzheimer-type dementia, but this disparity is accounted for by the fact that four index-group patients, whose earlier psychiatric referrals had been for chronic alcohol abuse, were each given a diagnosis of secondary (alcoholic) dementia, mainly because of their medical history.
The diagnoses on which Table 2 is based were derived from the standard dementia register examination, together with hospital case records where these were to hand. The fact that results of brain imaging and other special investigations were available for only half the patients may have resulted in some misdiagnosis, and in particular under-diagnosis of vascular and mixed forms of dementia. The proportions for whom hospital records were traced did not, however, differ significantly between the index and matched comparison groups (52.9 and 48.6% respectively), so that systematic error from this cause is unlikely.
The two matched groups were also compared on a range of clinical characteristics. Table 3 , which sets out mean scores on the battery of tests and rating scales used in the assessment procedure [13] , reveals no significant difference in mean scores on any of these measures. The proportions in long-term care at the time of assessment were similar for the two groups (28.6% of index and 24.3% of comparison group cases), as was their mortality experience over a 3-year period (33 and 34 deaths respectively, up to 30 April 1996). Table 4 gives reported frequencies for a number of psychiatric and behavioural disturbances in 56 matched pairs for whom full information was available, and points to generally high rates for all the abnormalities listed. The interest of the table lies, however, less in the absolute frequencies than in comparison of the matched groups. This reveals only one clear difference: a relative excess of auditory hallucinations among patients with a past psychiatric history, which is highly significant and remains significant at the 5% level (P= 0.04) when the Bonferroni correction for multiple comparisons is applied [29] . Auditory hallucinosis, which could be confirmed from the hospital records for all but one of this group of patients, was associated with a history of schizophrenic or paranoid illness in 10 cases and of severe affective disorder in four.
In addition to these basic comparisons, the relative frequency of different ApoE allclcs was examined, since risk for Alzheimer's disease is known to vary according to ApoE type [30] , and disparities between the two groups in this respect could be regarded as a possible confounding factor. Those dementia register patients with a previous psychiatric history who had been typed for ApoE were therefore matched individually by sex and year of birth (to within one year) with others who had no such history. Table 5 shows the allele frequencies for each paired group, together with corresponding distributions for the whole number of dementia register patients who had been typed (n = 263) and for an earlier-reported British population sample [31] . No significant difference was found between the pairs with and without a past psychiatric history, either for the e4 allele (X 2 = 0.98; d.f. = \\ P = 0.32) or for the e2 allele (Fisher exact two-tailed test, P= 0.12). The allele frequencies in both groups of matched cases were similar to those for the dementia register collective from which they were drawn, and appeared to differ to the same extent from those in the external comparison group. Hence the association between earlier psychiatric illness and dementia risk cannot be explained in terms of ApoE genotype. In summary, those patients with a previous psychiatric history had a slightly earlier age of onset and tended to have a lower male to female ratio than the dementia register sample as a whole, but did not differ from it in clinical features (with the exception of auditory hallucinosis) or in global severity of dementia, once these differences had been corrected for by the matching procedure.
The second stage of the inquiry involved a direct comparison between the entire dementia register sample and normal population controls. Sixty-three of the 70 register patients with an 'independent' psychiatric history could be identified from the available records alone, without informant interviews, and this number (corresponding to 11.3% of the sample) was taken as the basis for numerical comparison with the normal controls, for -whom no informant histories were available.
From the list of 45 000 elderly residents supplied by the Family Health Services Authority, a control was drawn at random from those matching each of the 559 dementia register patients by sex, completed years of life and district of residence. Because in the index group all known first psychiatric contacts had occurred before the age of 70 years, we took this as the cut-off age for the control group also. Records of psychiatric treatment episodes before age 70 were found for 19 members (3.4%) of the control group. For the index group, mean age at first psychiatric contact was 49.4 years (s.d. 12.7) and mean time interval to diagnosis of dementia 26.7 years (s.d. 10.3), while for the controls the mean age at first contact was 46.8 years (s.d. 13.5) and mean interval to the time of assessment 28.8 years (s.d. 10.5).
The difference between cases and controls in frequency of any previous psychiatric illness (63/559 vs 19/559, with two positively concordant matched pairs) corresponds to a risk OR of 3.59 [95% Table 5 . Allele frequencies of apolipoprotein E (ApoE) e2, e3 and e4 in age-and sex-matched dementia register patients with and without a past psychiatric history, dementia register patients as a whole and an external comparison group confidence interval (CD 1.67-5.51] . If a more soingent criterion of 'independence' is applied to the previous psychiatric history by including only cases with a first referral at least 10 years before dementia onset, the number of affected index cases is reduced to 57 and, since the number of affected controls remains unchanged, the OR (with one positively concordant pair) falls to 3.11 (95% CI 1.46-4.76).
Eleven members of the control group had been clinically diagnosed as having dementia after the age of 70, but because none of these was matched with affected index cases, discarding the 11 pairs concerned from the matched case-control comparisons did not affect the above OR estimates. That no earlier psychiatric illnesses among this group were identified from the records is unsurprising, since with a frequency of 11.3% the expected number of such cases would be only 1.2.
When the association •with previous psychiatric history •was tested separately for Alzheimer-type and other forms of dementia, again no evidence of specificity was found: 40 of the 395 patients with Alzheimer-type dementia had psychiatric histories identifiable from the records, compared with 13 of their matched controls, •while the corresponding numbers among the 164 patients with other forms of dementia and their matched controls •were 23 and 6 respectively. Applying the McNemar test for differences between matched pairs to the fourfold tables yields \ 2 values of 13.25 for Alzheimer-type cases and 9-48 for all other dementia cases, both of which are significant at the 0.001 level of probability.
In Table 6 , frequencies of previous psychiatric illness among dementia register patients and controls are set out as rates per 1000, according to diagnostic category and sex. Applying the McNemar test to the basic data yields x 2 values of 8.45 for the first category (schizophrenic and paranoid psychoses), of 8.89 for that of affective disorders (bipolar and monopolar together) and of 4.27 for the remaining categories combined. The first two values are highly significant, and the third is significant at the 5% level. In this population, therefore, the association between previous psychiatric illness and dementia risk does not appear to be restricted to depressive illness. The data indicate that a history of relatively severe mental disorder, whether of schizophrenic or affective type, is associated with increase in dementia risk. Table 7 , which also presents population-based rates, provides some supporting evidence, in terms of raised probabilities among the dementia register patients of having been admitted to psychiatric in-patient care and undergone electro-convulsive therapy, prefrontal leucotomy, or treatment with lithium or neuroleptic drugs. While the data summarized in Table 7 are reliable within the limits of the present study, they cannot be assumed to correspond to total lifetime experience of psychiatric treatment.
Discussion
The advantage of this study was that it could make use of both an existing dementia register for a defined population and the earlier Camberwell psychiatric case register, which covered the same population and for over 20 years recorded all episodes of care by mental health agencies serving the area. In addition, we were able to draw individually matched normal controls at random from the background elderly population.
The problems of method inherent in retrospective case-control designs and record-linkage studies are now well recognized. A possible source of inaccuracy arises here because dementia register patients and normal controls could not be matched for duration of residence in the area. Date of registration with the current medical practitioner is recorded by the Family Health Services Authority, but this is a highly unreliable guide to the period of time at risk, because many old people who are admitted to long-term care (a high proportion of the dementia register patients) must then change their doctors. Bias of this nature can be excluded only by gathering information at first hand, More generally, studies based solely on hospital and other service records are bound to be subject to selective bias [32] . Those dementing old persons who have a history of psychiatric illness may be especially prone to behaviour disorders, and hence more likely to become known to specialist agencies. Specialist referral could be facilitated in cases where there have been psychiatric contacts earlier in life. Such people might also be over-represented among residents of long-stay homes. Each of these tendencies could lead to a bias in favour of a positive association. Although the comparisons made here with a matching group of other dementia register patients have provided little evidence for such trends, the research needs to be extended to include representative groups of dementia cases unknown to the specialist services.
Retrospective case-control studies which rely on biographical data from informant accounts may seriously under-estimate associations with this particular risk factor. In this study, little more than half the previous psychiatric illnesses which were identified could have been detected by informant interviews alone. There is a continuing need for research based, at least in part, on service-agency records.
The nature of any causal connections which might explain the reported association is so far obscure. An apparent lack of specificity with respect both to type of dementing disorder and to psychiatric illness category could result if a number of different risk exposures were involved, whether interrelated or not. Equally, however, it could reflect the limitations of a clinical diagnostic classification which makes too little allowance for the extensive overlapping between Alzheimer-type and other categories of dementia, on the one hand, or between different forms of functional mental illness, on the other. Some clarification of this question can be anticipated as it becomes possible to examine the previous psychiatric history of dementia patients in relation to neuropathological findings post mortem.
Further research in this field should not be concentrated too narrowly on depression and Alzheimer's disease, but should test also for associations between other mental illnesses and late-life dementia, and explore their significance. A logical next step would be to plot the occurrence of different dementing disorders in cohorts of people with well-documented histories of major psychiatric illness and treatment, and to compare these •with matched control groups.
Key points
• A past psychiatric history, particularly of major mental disorder, appears to be a risk factor for the development of late-life dementia. • This association is not specific for a previous history of depression, but occurs with schizophrenia and other major psychiatric disorders. • The association is not restricted to dementia of the Alzheimer type.
• A history of psychiatric illness increases the probability of auditory hallucination in the course of dementia, but not of other forms of non-cognitive psychopathology. 
